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Abstract 
The electrical energy consumption in dairy processing industry has been on the high side on present day. Over the years, many 
efforts on energy savings scheme have been carried out by government of Malaysia to highlight the sustainability of the energy 
supply. The study conducted at one milk manufacturing factory in Malaysia. This factory has been facing high expenses issue on 
electricity bill. Many professional practices have been conducted on the equipment itself but not the management of electricity 
consumption. The purpose of the study is to achieve energy savings for the industry through management of electricity 
consumption. The analysis will be focused on the industry’s load profile and operations. Theoretical results show the proposed 
programs: lighting re-lamping, on-site generation and solar photovoltaic system can have a potential annual savings of RM 
320,603.92 and ROI is only less than 3 years. This show that implementation of management in electricity consumption can help 
to reduce energy in dairy industry or medium enterprise sector. 
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1. Introduction 
Malaysian Small and Medium Enterprises (SMEs) participated mainly in five establishments such as services, 
manufacturing, agriculture, construction, mining and quarrying. According to Economic Census 2011 from 
Department Statistic Malaysia, majority of SMEs belong to services (90%), followed by manufacturing (5.9%) [1]. 
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In manufacturing sector, SMEs involve predominantly in wearing apparel, food products, fabricated metal, printing 
and reproduction of recorded media. Food and beverage industry takes up 15.1% of manufacturing sector in 2011. 
The average energy consumption for food industry SME is 418.82 GWh in 2011, equivalent to 15.1% of total energy 
consumption (2773.62 GWh) in manufacturing sector; 0.390% of total electrical energy consumption (107330.05 
GWh) in whole Malaysia [2]. Based on the gathered statistics, electrical energy consumption for food industry alone 
is considerably high.  
The National Green Technology Policy is framed in 2009 to introduce the strong promotion and public 
awareness of Green Technology and Green Building Index (GBI) [3]. Energy efficiency (EE) has been identified as 
one of the criteria to ensure sustainability of the energy supply since 7th Malaysian Plan (1996-2000) [3]. The key 
emphasis is to encourage the use of new and alternative energy sources as well as efficient utilization of energy. 
Therefore, the aim of this study is to save electrical energy and save cost through potential energy savings scheme 
and economical electrical energy usage in one dairy processing factory in Selangor. Fig. 1 shows the dairy factory 
site plan with total of four buildings demarcated above are selected for case study as these buildings are relatively 
long in length and square geometry. Table 1 shows the estimation of buildings size in length and area as per actual 
scale. 
 
Fig. 1. The factory site plan. 
Table 1. The factory buildings size. 
Building A B C D 
Length (m) x Width (m) 116.67 × 33.33 126.67 × 55.00 113.33 × 40.00 36.67 × 170.00 
Area (m2) 3888.61 6966.85 4533.2 6233.90 
Total area (m2) 21622.56 
1.1. Background of study 
The industry is a manufacturer of dairy products in Malaysia that producing products for infants, growing up 
milk, UHT milk, pasteurized milk, sterilized milk, family powdered milk, low fat and 0% fat drinking yoghurt, and 
low fat yoghurt. Electricity is used throughout dairy processing to drive process motors, fans, pumps, and 
compressed air systems, as well as building lighting and Heating, Ventilation & Air Conditioning (HVAC) systems. 
In addition to these, one of the highest consumption of electricity in the dairy processing industry is cooling process, 
freezer and cold storage [4]. Currently, The factory applied for 11 kV electrical supply and registered under TNB 
medium voltage peak or off-peak E2 special industrial tariff (E2s) where on-peak hours has higher rate of electric 
charges whereas lower rate for off-peak hours. In average, the factory consumed total electricity of 1584967 kWh 
and maximum demand of 3300 kW monthly. The estimated monthly electricity bill for the factory is calculated 
approximately to be RM 550,650.87 following TNB tariff rate E2s. The electrical energy consumption for the 
factory is overwhelming that result in pricy payment. Hence, study on opportunities to reduce the consumption of 
electrical energy while maintaining or enhancing the production become an important aspect that need to be 
explored. Electrical energy consumption can be minimized with the improvement in technology and energy 
management.  
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2. Methodology 
Interpretation of collected data and data analysis has been conducted with an analysis software tool from Janitza 
called “GridVis”. From the outcome of the analysis and studies in literature review, possible solutions are identified 
and simulated to produce results. The possible solutions are relocation of electrical circuits, lighting re-lamping, 
lighting zoning, on-site generation and solar PV system. 
2.1. Lighting re-lamping 
A potential opportunity in energy savings is to replace existing lighting with energy conservative type of lighting. 
Abiding to Malaysian Standard MS1525 [5], the required luminance lighting level for working interiors such as 
general working area is 300 lux whereas for entrance and exit area is 100 lux. The existing lighting equipment used 
in the factory is conventional high bay of 250 W. A professional light planning software tool named “Dialux” will 
be used to simulate and compare the luminance output from conventional high bay of 250 W and energy 
conservative 2 × 54 W T5 high bay lighting, with the conditions of 5 m interval distance and uniform lighting 
arrangement. The simulation results will determine the necessity of re-lamping to T5 high bay lighting as 
conventional high bay may project more than 300 lux level as per required in Malaysian Standard. 
2.2. Lighting zone 
Lighting zoning provides flexible lighting control to optimize energy savings. An array of lighting can be linked 
to one individual switch without exceeding 100 m2 sizes of area [6]. Limiting size of lighting zones will provide the 
factory ability to reduce energy consumption and costs by only lighting those occupied zones. Proper designed of 
lighting zoning helps in energy conservation and energy management that lighting occupancy will not reach to the 
maximum capacity. Thus, it aids in reducing maximum demand and kWh of electrical energy. Also, the 
maintenance cost of lighting equipment may be reduced as well as in the life cycle of lighting equipment will not be 
stressed significantly with moderate daily usage. 
2.3. Relocation of electrical circuits 
Digital power meter (DPM) facilitates the monitoring and tracking the energy consumption by functional use of 
every area of the owner’s buildings. Owner can identify, investigate and encounter the source of electrical energy 
consumption immediately by tracking from the DPM if there is any excessive energy consumption events according 
to corresponding work shift and operation hours. 
However, the existing electrical distribution of the factory does not discriminate the circuits of lighting, power 
and machinery as in Fig. 2(a). For example, one distribution board may serve lighting and air conditioning system. 
The total electrical energy consumption for the distribution board is known from DPM but the individual 
consumption for lighting and air conditioning system will be unidentified. Thus, the outgoings of each main 
distribution board are sourced out to three distribution boards where each distribution board serves only lighting, or 
power, or machinery as shown in Fig. 2(b). With these arrangements of circuits, the total electrical energy 
consumption for individual category at every building will be identified and managed accurately by installing DPM 
at the incoming of distribution boards. 
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(b) 
Fig. 2. Electrical distribution system; (a) existing distribution system and (b) proposed distribution system. 
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2.4. On-site generation 
Diesel generating sets acts as alternative source of electrical energy to cap the peak level of 3000 kW maximum 
demand. The conceptual details in integrating the generating sets into the existing electrical energy distribution 
system of the industry will be discussed in following page. There are total of five main switchboard (MSB) applied 
in the industry. The digital power meter at 11 kV switchgear panel is used to capture the electrical energy usage 
from the industry such as peak of maximum demand and kWh. Hence, it can be used as a watchdog device to trigger 
changeover mechanism to generating sets whenever specific threshold level is met. 
Fig. 3 indicates the single line diagram of proposed electrical distribution system with the addition with of 
generating sets (on right hand side in the diagram). With the configuration in indicated, there will be one additional 
outgoing comes along with a motorized shunt trip breaker from MSB 3 to a new MSB called emergency main 
switchboard (EMSB) and an auto transfer switch (ATS) compartment will be added to EMSB. An additional 
configurable analogue output module accessory will be added to the digital power meter at 11 kV switchgear panel 
and linked to the motorized shunt trip breaker.  
 
 
Fig. 3. Single line diagram of proposed electrical energy distribution system with the addition of generating sets application. 
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2.5. Solar photovoltaic & feed-in tariff 
The factory has large amount of roof areas based on the theoretical estimation from Table 1, which has 
approximately 21,622.56 m2 and assumed to be flat roof surface. The dimension of PV module is 1.675 m length 
and 1 m width [6]. Assuming 70% of the roof areas could be occupied by PV module where each module generates 
200 Watts peak (Wp), the roof areas could fit in 9037 modules with total generation of 1.8 MWp. Hence, there is 
multiple range of FIT rate of choice available. Solar PV technology has been enhancing in recent years that the PV 
module efficiency is guaranteed a maximum performance degression of 0.7% per annual for 25 years [6]. And the 
maintenance cost of solar PV is minimal that considered negligible. As for the inverter, its efficiency is 98% and the 
maintenance cost per year is approximately RM 220 [6].  
An analytical software tool named “Homer” from Homer Energy is used to determine the scaled annual average 
of peak sun hours more accurately. It uses the latitude and longitude of the factory’s location to calculate an average 
daily radiation value or average clearness index for every month. The investment cost and ROI of 4 kWp to 1 MWp 
solar PV system capacity will be computed and analysed to compare among them in order to evaluate the most 
optimum system capacity for the factory. 
3. Results analysis & discussion 
3.1. Site data 
Data has been extracted from September 2012 to January 2014 for analysis purpose. Recorded data consists of 
power quality, load factor, current capacity, kWh and maximum demand (kW). Fig. 4 shows the overall active 
power graph from analysis tool GridVis, where July 2013 is identified to have the highest peak of maximum 
demand. Hence, data collected in July 2013 will be used to simulate worst case scenario because it has the highest 
kWh and maximum demand. Table 2 shows the load profile report of July 2013. Comparing the recorded data from 
GridVis and actual power meter, the variance is averagely less than ±1.00% that the deviations are negligible. Thus, 
the recorded data reflects the actual electrical energy status with 99% reliability. 
Taking the assumptions below as baseline constants and conditions for the rest of the calculations in this section 
are; actual reading from TNB kWh meter data will be used, total kWh in July at 1756717 kWh, total on-peak kWh 
in July at 1070504 kWh, total off-peak kWh in July at 686213 kWh, total maximum demand in July at 3320 kW and 
the industry is registered under Tariff E2s. 
 
 
Fig. 4. Active power (kW) of TNB incoming supply from Sep 2012 until Jan 2014. 
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Table 2. Load profile report - July 2013. 
Description GridVis (kWh) TNB bill (kWh) Variance 
TNB (total) 1754800 1756717 0.11% 
TNB (on-peak) 1062471 1070504 0.75% 
TNB (off-peak) 692326 686213 -0.89% 
TNB (Maximum demand) 3346 3320 -0.78% 
Time 4.10-4.20 pm, 8th July 2013 - - 
3.2. Lighting re-lamping 
Fig. 5(a) shows Dialux simulation result of using conventional high bay at Building A. Similarly, Fig. 5(b) shows 
Dialux simulation result of using T5 high bay at Building A. With the same number of lighting unit, the average 
luminance of T5 and conventional high bay are 286 lux and 542 lux level. As stated in Malaysian Standard MS 1525 
[5], a workstation only requires average lux level of 300 which is close to average luminance of T5 usage. Thus, re-
lamping to T5 high bay solution is feasible as it helps in reducing wastage in electrical energy.The tabulation of cost 
savings and ROI with assumptions of; interval distance between lighting is 5 m, total number of lighting unit 
estimated based on building areas using Dialux software tool, estimate the building areas according to the scale from 
Google Maps, daytime shift (10 hours) – 10.00 am to 8.00 pm, night shift (14 hours) – 8.00 pm to 10.00 am, lighting 
occupancy – daytime shift (80%); night shift (30%) and T5 fluorescent lamp life – 36,000 hours. Table 3 shows the 
estimated number of T5 high bay lighting unit, total cost of re-lamping, maintenance cost, total cost savings and 
ROI. Based on theoretical calculation, re-lamping in using energy conservative T5 high bay 2 × 54 W will generate 
RM 182,486.09 cost savings yearly with 1.49 years of ROI. Fig. 6(a) and 6(b) indicates the comparison electricity 
consumption cost in lighting between re-lamping and non-re-lamping application of ROI. 
Table 3. Re-lamping tabulation results. 
Building A B C D 
Total nos of lighting unit 161 275 176 238 
Sum of nos of lighting unit 850 
Cost per lighting unit (RM) 320 
Total cost of lighting unit (RM) 850×RM 320 = 272,000.00 
Total power of conventional high bay of 250W (kW) 850*0.25kW = 212.50 
Total power of T5 high bay 2 x 54 W (kW) 850*2*0.054kW= 91.80 
Total energy savings after re-lamping (kW) 212.50KW – 91.80 Kw = 120.70 
For each kilowatts of maximum demand per month 
during the peak period (RM/kW) 
32.90 
Total cost savings from maximum demand after re-
lamping per year (RM) 
120.70kW*32.90 RM/kW*12 months = 47,652.36 
For all kWh during peak period (RM/kWh) 0.3360 
For all kWh during off-peak period (RM/kWh) 0.1910 
Total cost savings from peak period kWh per year 
(RM) 
0.3360 RM/kW*120.70 kW*10 hours*0.8*30 days*12 months 
= 116,798.98 
Total cost savings from off-peak kWh per year (RM) 0.1910 RM/kW*120.70 kW*14 hours*0.3*30 days = 34,857.19 
Maintenance cost per year (RM) RM 272,000*50% failure rate*36000 lamp life hours/(0.8*10 
hours+0.3*14 hours)/365 days = 16,822.44 
Total cost savings (RM) per year 182,486.09 
ROI (Year) 1.49 
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Fig. 5. Dialux simulation result at building A using; (a) conventional high bay and (b) T5 high bay. 
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(a)  (b) 
Fig. 6. Electricity consumption cost in lighting; (a) with and without reapplication graph and (b) with re-lamping application ROI graph. 
3.3. On-site generation 
From Table 2, the peak of maximum demand is 3320 kW in July 2013. Thus, generating sets with 400 kVA/320 
kW is preferable in this case to supply excessive 320 kW in full load mode. Considering the inflation rate of tariff 
and fuel per liter price in future, estimations on these are estimated to forecast the average increment or decrement 
cost per year. Table 4 shows tariff E2s rate in 2009 to 2014 [7-8]. The tariff rates in terms of maximum demand 
charges and kWh charges are increased about 30% individually over 6 years from 2009 to 2013, which is around 
5.0% increment each year in average. 
Table 5 shows considering the assumptions for cost calculations, while Table 6 shows the cost savings with the 
implementation of generating sets on Tariff E2s, the cost is computed with the formulas of; original maximum 
demand cost = peak maximum demand * Tariff E2s MD rate (a), 3000 kW maximum demand cost = 3000 kW * 
Tariff E2s MD rate (b), 100% fuel consumption cost = 86 liters/hour * 2 hours/day * 16 days/month * fuel price/liter 
(c) [11], cost savings in kilowatt-hour per month from generating sets = 320 kW * 2 hours/day * 16 days/month * 
Tariff E2s on- peak kWh rate (d) and cost savings per month = (a) – [(b) + (c) + generating sets’ maintenance 
fee/month] + (d). Fig. 7(a) shows the cost comparison between existing system and generating sets application. 
Taking the lowest cost savings per month from Table 6, ROI is shown in Equation 1. 
yearsmonths
RM
RMIOR 5.213.30
64.964,7
00.000,240.. |     (1) 
with tariff E2s, it will require maximum approximately 2.5 years gaining back the ROI in generating sets 
implementation as displayed in Fig. 7(b). 
Table 4. Tariff E2s rate in 2009 and 2013 [9-10]. 
Tariff Category – E2s Unit Rates 
(2009- 2010) 
Rates 
(2011-2013) 
Rates  
(2014) 
Difference from 
2009 to 2014 in % 
For each kilowatts of maximum 
demand per month during the peak 
period 
RM/kW 25.20 27.70 32.90 30.56 
For all kWh during the peak period sen/kWh 25.80 28.30 33.60 30.23 
For all kWh during off-peak period sen/kWh 14.70 16.10 19.10 29.93 
Minimum charge RM 600.00 600.00 600.00 0.00 
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Table 5. Assumptions for implementation of generating sets. 
Assumptions:-  
Cost of generating sets  400 kVA * 600 RM/kVA = RM 240,000.00 
Peak maximum demand (kW) 3320 kW 
Generating set’s maintenance fee per month – unchanged over 
years (RM) 
RM 500.00 
Generating sets’ operation hours per day 2 Hours/Day 
Occurrence rate of maximum demand above 3000 kW 16 Days/Month 
100% fuel consumption [Volvo Malaysia Sdn Bhd Genset] 86 Liters/Hour 
Diesel fuel price  RM 2.00/Liter 
Increment in diesel fuel price per year 3% 
Increment in kilowatts-hour tariff rate per year (sen/kWh) 5% 
Increment in maximum demand charges per year (sen/kWh) 5% 
Generating set’s operation session During peak hours 
Table 6. Cost savings with the implementation of generating sets on tariff E2s. 
 5% increment per year 5% increment per year 3% increment per year  
Year Tariff E2s maximum demand 
(RM/kW) 
Tariff E2s on-peak 
(sen/kWh) 
Fuel price 
(RM/Liter) 
Cost savings/Month 
(RM) 
1st  32.90  33.60 2.00 7,964.64 
2nd  34.55  35.28 2.06 8,499.55 
3rd 36.27  37.04 2.12 9,065.06 
4th  38.09 38.90 2.19 9,645.28 
5th 39.99 40.84 2.25 10286.82 
6th  41.99 42.88 2.32 10,943.07 
7th  44.09 45.03 2.39 11,642.59 
8th  46.29 47.28 2.46 12,384.352 
9th  48.61 49.64 2.53 13,175.78 
10th  51.04 52.12 2.61 13,987.17 
 
   
(a) (b) 
Fig. 7. Electricity consumption cost; (a) with and without generating sets application graph and (b) with generating sets application ROI graph. 
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3.4. Solar photovoltaic & feed-in tariff 
The following is the tabulated results from 4 kWp to 1 MWp with assumptions of ; estimated 5.398 daily peak 
sun hours from Fig. 8 (a), efficiency drop of PV module is 0.7% degression rate per annual for 25 years (Efficiency 
drop of inverter is negligible), overall performance of solar PV system estimates to be 75% for tolerance purpose 
against actual site condition, estimate maintenance cost for inverter: RM 220/year, 4 kWp FIT rate = 1.0184 + 
[0.2153 + 0.05 + 0.05] FIT Bonus and the solar PV revenue per year in Table 7 is calculated as Revenue = PV 
module efficiency * Inverter efficiency * Peak sun hours per year * Feed-In Tariff * Overall System Performance * 
kWp system. 
Table 7 shows the solar PV of 4 kWp investment plans over 21 years of fixed FIT rate whereas Table 8 indicates 
the summary of all range of solar PV investment plan. In order to pursuit for better precision and accuracy, Homer 
PV-grid configuration system was used. The result was shown in Fig. 8 (b). Comparing simulation and calculation 
results, calculation result is lower than simulation result by 14.40%. This is due to the safety factor taken into 
account in the calculation result. Hence, simulation result is used as guideline to foresee the average annual revenue 
without any tolerance to actual site condition. Calculation result will be used as final evaluation result as it counters 
for excess tolerance. The theoretical results from Table 7 shows that the higher capacity of kWp system with higher 
initial investment cost will yield higher revenue over 21 years. However, the downside is longer ROI period. 
Table 7. Solar PV 4 kWp investment plan. 
Solar PV 4 kWp 
Year PV Module 
Efficiency  
(per year) 
Inverter 
Efficiency  
(per year) 
Peak sun hours  
(per day) 
Feed-In-Tariff 
Rate 
Solar PV Revenue 
per year (RM) 
Solar PV 
(ROI Year) 
1 1.00 0.98 5.398 1.33 7,505.58 
5.40 
2 0.99 0.98 5.398 1.33 7,459.23 
3 0.99 0.98 5.398 1.33 7,412.88 
4 0.98 0.98 5.398 1.33 7,366.52 
5 0.98 0.98 5.398 1.33 7,320.17 
6 0.97 0.98 5.398 1.33 7,273.81 
7 0.96 0.98 5.398 1.33 7,227.46 
8 0.96 0.98 5.398 1.33 7,181.11 
9 0.95 0.98 5.398 1.33 7,134.75 
10 0.95 0.98 5.398 1.33 7,088.40 
11 0.94 0.98 5.398 1.33 7,042.05 
12 0.93 0.98 5.398 1.33 6,995.69 
13 0.93 0.98 5.398 1.33 6,949.34 
14 0.92 0.98 5.398 1.33 6,902.99 
15 0.92 0.98 5.398 1.33 6,856.63 
16 0.91 0.98 5.398 1.33 6,810.28 
17 0.90 0.98 5.398 1.33 6,763.93 
18 0.90 0.98 5.398 1.33 6,717.57 
19 0.89 0.98 5.398 1.33 6,671.22 
20 0.89 0.98 5.398 1.33 6,624.87 
21 0.88 0.98 5.398 1.33 6,578.82 
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Fig. 8. a) homer solar resources. b) homer simulation results (4 kWp system capacity). 
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Table 8. Summary of solar PV investment plan. 
Summary 
System 
capacity 
Initial 
investment 
cost (RM) 
Total revenue 
over 21 years 
(RM) 
Average revenue 
per year (RM) 
Average 
revenue per 
month (RM) 
Average 
ROI (Year) 
4 kWp 40,000 147,883.31 7,042.06 586.84 5.68 
8 kWp 80,000 294,715.05 14,034.05 1,169.50 5.70 
12 kWp 120,000 444,382.58 21,161.08 1,763.42 5.67 
24 kWp 240,000 893,385.15 42,542.15 3,545.18 5.64 
72 kWp 720,000 2,393,010.54 113,952.88 9,496.07 6.32 
1 MW 10,000,000 32,472,512.70 1,546,310.13 128,859.18 6.47 
Table 9. Avenue generated from both simulation and calculation. 
Average annual revenue of 4 kWp system capacity (RM) 
Table 8 (Calculation) Fig. 9 (Simulation) Difference 
7,042.06 8,227.00 6819.85 (14.40%) 
 
  
(a) (b) 
Fig. 9. a) Solar PV financial charts on all system capacity. b) 24 kWp solar PV FiT scheme ROI graph. 
Among all range of system capacity in Fig. 9 (a), 4 kWp has the lowest initial investment cost of RM 40, 000 but 
it has the lowest revenue. As 8 kWp, 12 kWp, and 24 kWp share the same tariff rate, 24 kWp has the shortest ROI 
period of 5.64 years and total returns of RM 893,385.15 but it is six times the initial investment cost of 4 kWp 
system. All in all, 1 MWp generates the most revenue but it has the longest ROI period of 6.47 years and highest 
initial investment cost of RM 10,000,000 which is 250 times the 4 kWp system. In a nutshell, 1 MWp would be the 
best option in terms of total returns if initial investment cost is not an issue. If initial investment cost is a restrain 
factor, 4 kWp would fit the best as it has relatively low ROI period and lowest initial investment cost. However as 
considering the shortest ROI period, moderate initial investment cost and total returns, 24 kWp capacities will suit 
the best for the factory. Fig. 9(b) shows the ROI for 24 kWp system capacity of solar PV. 
3.5. Summary 
Table 10 shows the summary of potential opportunities in conserving energy and cost. Fig. 10(a) and (b) shows 
the summary graph in costing and ROI for all proposed solutions. By applying all the potential energy conversation 
and economical electrical energy usage opportunities, the industry will need an initial investment cost of RM 
752,000.00. The amount of the investment may be high but the ROI only requires 2.35 years and the industry can 
save up to RM 320,603.92 every year after ROI period. 
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Table 10. Summary of all proposed solutions. 
Proposed solutions Investment cost (RM) Average cost savings  per year (RM) ROI (Year) 
Lighting re-lamping 272,000.00 182,486.09 1.49 
Diesel generating sets 240,000.00 95,575.68 2.51 
Solar PV on-grid system (24 kWp) 240,000.00 42,542.15 5.64 
Total 752,000.00 320,603.92 2.35 
 
   
(a) (b) 
Fig. 10. Summary cost for all proposed solutions; (a) without ROI and (b) with ROI application. 
4. Conclusions  
Through the analysis and discussions on results, the proposed solutions show promising results in terms of 
energy conservation, cost savings and short ROI period. The most recommended solution is the combination of all 
potential solutions mentioned in this paper. The mixture of all potential solutions requires 2.35 years of ROI only 
and the industry be able to save as much as RM 320,603.92 annually. In conclusion, the aim and objectives of this 
paper are accomplished successfully that the results indicate our proposal can achieve economical and efficient 
electrical usage. 
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